Genetic studies of the Bombyx mori Kiuki mutant were made on the segregation of the F2 and BFl phenotypes. Assay of sepialumazine in these phenotypes revealed that the Kiuki mutant is an incomplete dominant. A symbol Sel is given to the mutant gene. Enzymatic studies on F2 progeny showed that the yellow larval integument colour characteristic of the mutant, which is due to accumulation of sepialumazine, is dependent on the activity of sepiapterin deaminase. Linkage test showed that the Sel is independent of the so far established 23 linkage groups but represents one of the still unknown group among remaining five chromosomes.
INTRODUCTION
Genetic studies of the Bombyx more yellow mutant lemon have been conducted for many years (Ogura 1922) . Tsujita and Sakaguchi (1955) showed an allelomorphism in the lemon lethal, lemon and normal strains by genetic analysis of the Fl hybrid between the homozygous lemon (lem Jlem) and the heterozygous lethal yellow (+ lleml). A dominant recessive relation + lem > lem>lem' was also reported. Tsujita (1961) explained the properties of the multiple allele by stating that the lemon lethal mutant was completely deficient in sepiapterin reductase and the lemon mutant had a decreased level of the enzyme. Subsequent studies of the lemon mutant, however, have failed to detect any sepiapterin reductase activity (Matsubara et al. 1963; Mazda et al. 1980) . Tsusue and Akino (1965) isolated a major yellow pigment from the integument of lemon silkworms and identified it as 7,8-dihydro-2-amino-4-hydroxy-6-lactylpteridine (sepiapterin). Goto et al. (1966) later showed that a minor yellow pigment in this same strain was 7,8-dihydro-6-lactyllumazine (sepialumazine). Tsusue (1967) reported the occurrence of an enzyme in lemon larvae which catalyzed the deamination of sepiapterin to form sepialumazine. Detailed properties of the enzyme were revealed by subsequent work of Tsusue (1971) . The occurrence of this same enzyme as well as its product in the normal type silkworm larvae was shown by Tsusue and Mazda (1977) .
Another yellow coloured silkworm mutant, Kiuki, has a rather pale yellow hue when compared with lemon mutant larvae. Although the mutant silkworm have been reared for many years, the properties of the mutant had remained unknown until recent work (Mazda et al. 1978) showed that the chemical structure of the yellow pigment is that of sepialumazine.
A recent paper (Mazda et a1.1980) has showed that sepialumazine is the cause of the pale yellow colour in Kiuki larvae. In the present paper we will show that the mutant Kiuki is an incomplete dominant as based on assays of sepialumazine in the larval integument of hybrid larvae. Studies on the linkage relation of the gene in the mutant will also be described.
MATERIALS AND METHODS
Bombyx mori mutants and mating experiments. The Kiuki mutant has been reared in the Sericultural Experiment Station since 1945. Linkage studies were made using the autosomal marker gene described bellow: Y(2), Ze(3), L(4), oc(5), EEl(6), q(7), st(8), I-a(9), w-1(10), K(11), C(12), ch(13), U(14), bl(15), cts(16), bts(17), min(18), nb(19), oh(20), rb(21), mw(22), Nd(23), sp, Ym and so. Each number in parentheses indicates the linkage group to which the marker gene belongs. When a marker gene was recessive to its normal allele, segregation in the back cross of the type F1 female x marker male was tested. When marker genes were dominant one, segregation in the backcross of the type F1 female X normal male was tested.
Determination
of sepialumazine. Three F2 hybrid phenotype larvae descended from the cross between Kiuki and normal type silkworms. On the last day of the fourth instar, larvae of each phenotype were dissected and the integument was separated from other tissues and utilized as starting materials. All subsequent procedures were carried out in a dark room: Integument weighing 2 g, was homogenized in five volume of 50% aqueous ethanol for 4 min. The homogenate was placed in a reflux condenser and heated by a boiling water bath for 20 min. After cooling, the homogenate was centrifuged at 8,000 g for 20 min. at 4°C. The residue was again extracted by the same process. The combined supernatant fluid was concentrated to a small volume by a rotary evaporator. About 0.1 g of ECTEOLA-cellulose powder (OH form) was added to the concentrate and the mixture was applied to the top of an ECTEO-LA-cellulose column (pH 7.0,1 X 20 cm). Fluorescent bands were detected by an UV light (365 nm). When the column was washed with water, yellow fluorescent riboflavin and other minor fluorescening compounds were eluted. By successive elution of the column with water, isoxanthopterin was eluted. The remaining major column yellow band was eluted with O.01N acetic acid and concentrated to a small volume. The fluid was then placed on a phosphorylated Sephadex G-25 column (fine,1 X 20 cm). The yellow pigment was eluted from the column with water. After the eluate was dried, it was dissolved in 4 ml of 0.01 M potassium phosphate buffer pH 7.0. The eluate was identified as sepialumazine and its quantity was estimated by its absorbance at 418 nm at pH 7.0 (Mazda et al. 1980) . Assay of sepiapterin deaminase activity. On the last day of the fourth instar, larvae were dissected and fat bodies and muscles were carefully removed from the integument with glass spatula. Larval integument weighing 4 g was homogenized with eight volumes of 0.05 M potassium phosphate buffer, pH 6.5. The crude extract was partially purified according to the previously described method (Tsusue 1971) . The enzyme fraction from the ammonium sulfate step was utilized.
Assay of sepiapterin reductase activity.
On the fourth day of the fifth instar, 2 g of the fat bodies of F2 hybrid silkworms were washed with Ringer's salt solution and homogenized with three volumes of 0.01 M potassium phosphate buffer, pH 6.5. After centrifugation at 30,000 g for 90 min., the enzyme activity in the supernatant was assayed by the method described by Katoh (1971) .
Protein determination.
Protein was determined by the method of Lowry et al. (1959) with bovine serum albumin used as a standard.
RESULTS
All of the F1 larvae obtained from reciprocal crosses between C108 and Kiuki mutant manifested pale yellow colour. As shown in Table 1 , the segregation ratio of yellow and normal phenotypes was approximately 3:1 in C108 X Kiuki F2 progenies and 1:1 in C108 X Kiuki BF1i respectively.
That a small number of individual larvae of Kiuki phenotype were found in monohybrid experiments does not mean a low viability for the Kiuki larvae. The lower number reflects the difficulty in distinguishing the Kiuki phenotype found in monohybrid larvae from normal phenotype.
Studies were next made on the relationship between the phenotypic segregation of yellow larval colour in the F2 hybrid and integument sepialumazine content. The Bombyx mori strains C108 and N122 were used for these studies. As seen in Table 2 , the yellow larvae found in F2 progeny contained more sepialumazine than did the normal phenotypes. Although the absolute amount of sepialumazine was different when either the Japanese (N122) or Chinese (C108) race was mated with the Kiuki mutant, the ratio of the amounts of the pigment in the three genotype was approximately 5:3:1 in both cases. Silkworm larvae of the Chinese race were rather weakly coloured when compared with Japanese and European races and progenies from a cross with the Japanese race showed a higher sepialumazine content than those from the Chinese race (C108).
For each phenotype of F2 silkworm hybrid, both sepiapterin deaminase and sepiapterin reductase were assayed ( Table 2 ). The results showed that the greater the level of integument sepiapterin deaminase activity, the higher the amount of sepialumazine.
Each strain (C108 and N122 in Table 2 ) had its inherent gene (s) controlling sepiapterin deaminase activity. Kiuki gene increased the enzyme activity over the level which is peculiar to each strain. No correlation, however, was found between integument pigment accumulation and larval fat body sepiapterin reductase activity. In the previous report (Mazda et al. 1980) we demonstrated that yellow larval colour characteristic of the Kiuki mutant is due to the accumulation of sepialumazine in the integument. From Table 1 and Table 2 , it is concluded that the yellow larval colour of the Kiuki mutant is controlled by an incomplete dominant gene and that yellow larval colour of this mutant is related to sepiapterin deaminase activity. We will designate the Kiuki mutant by the symbol Sel. between the gene Sel and chromosome-2 through chromosome-23 was revealed as shown in Table 3 . Sel is also independently related to the sp, Ym and so mutations.
DISCUSSION
As is well known, sex-chromosome constitution of the silkworm is XY in female and XX in male, respectively.
That the Fl hybrid between Sel female and C108 male manifested yellow colour phenotype indicates that the Sel gene is an autosomal and dominant mutation. This was confirmed through 1;1 sex ratio in each phenotypic class segregated in BFl progenies shown in Tables 1  and 3 , though the data were not shown.
Linkage test presented in Table 3 clearly showed that the Sel gene is independent of chromosome-2 to chromo- some-23 throughout and of the genes for sp, Ym and so. Although twentythree linkage groups have already been established in the silkworm, those three genes belong to some still unknown groups among the remaining five chromosomes. The observed segregation in some crosses were far from the 1:1:1:1 ratio which would have been given when the Set was not linked to the marker genes. It must be taken into consideration, however, that in Bombyx mori crossing over occurs only on the male side. If Set was linked to the marker gene, it would have given the segregation of only parental genetic constitutions.
In the previous paper (Mazda et at. 1980) it was reported that sepialumazine was detected in normal Bombyx mori. The amount of the pigment accumulated in the larval epidermis differs from one strain to another. As seen in Fig. 1 , many factors may cause the accumulation of the sepialumazine in larval integuments.
First, biosynthesis of sepiapterin in silkworms may be controlled by many genes (Yoshida et at. 1979) . Second, the activity of sepiapterin reductase may also affect the quantity of the sepiapterin in integument (Matsubara et at. 1963) . Finally, although it is not known whether sepialumazine is further metabolized or not, a decrease of the pigment by further metabolism or excretion of the pigment through the malpighian tubules (Tsusue 1971 ) may also be a controlling force. Since many factors may be involved in the accumulation of the pigment, it is natural that the levels of larval integument sepialumazine are not simply proportional to the activity of sepiapterin deaminase. However, the amount of sepialumazine changed during the larval developmental stages in parallel with deaminase activities provided that the same strain was used (Mazda et al. unpublished) . Hence there can be no doubt that the activity of sepiapterin deaminase is an important factor in the accumulation of the pigment in the larval integument. As for relationship between Sel gene and sepiapterin deminase, at present we have no evidence whether the gene is structural one.
The biochemical significance of sepiapterin deaminase is not yet known. But since sepiapterin is a precursor of tetrahydrobiopterin ( Fig. 1) which is a cofactor in the enzymatic hydroxylation of aromatic amino acids (Kauf man 1963), the deaminase may have a role in regulating the levels of this pteridine cof actor. C108 lem (larva homozygous for lem and isogenic to C108) is well viable as compared with C108 strain, in spite of lacking sepiapterin reductase. This fact may indicate the existence of other type pteridine cof actor than tetrahydrobiopterin.
Although mechanism of lemon lethal gene have scarcely been known (Sakaguchi and Tsujita 1959) , studies on this mechanism will clarify the problem.
It was clarified that Sel gene enhanced sepiapterin deaminase additively over the levels of genetical back ground, but the biological meanings of this gene is not yet known.
In the course of another mating experiment, we found a short winged mutation as a spontaneous occurrence. This short winged mutation was recessive to its normal allele and the gene was tentatively referred to as sw. Independent relation of sw to chromosome-1 to chromosome-23 was revealed through successive linkage analyses, though the expressivity of the mutant sw was low. Backcross of the type (Sel X sw) X sw b yielded progenies of 104 Sel +, 11 + + and 68 + sew (Doira et al, unpublished) .
Absence of sw phenotype in Sel progenies indicates that these two genes are linked with each other. Appearance of + + phenotype can be explained when we consider low expressivity of sw. Thus, the Sel gene represents together with sw one of the hitherto been unknown chromosome to constitute the twenty-fourth linkage group. Further selection for the improvement of low expressivity of sw is necessary, and this linkage phenomenon will be treated elsewhere.
